Supplementary note 1 -Experimental and numerical determination of the TPT adsorption position and geometry
The adsorption position and geometry of TPT on the 2 ML Fe on W(110) has been investigated by STM. Figure S1 (a) shows a high-resolution constant-height image of TPT with atomic resolution on the Fe substrate. This image was obtained at highest experimentally possible tunneling currents of up to -160 nA that did not induce detrimental artifacts. Since the atomic lattice in figure S1(a) is not distinct enough for an unambiguous determination of the adsorption position, the following procedure was applied: The area occupied by the molecule was first smoothed by Laplace interpolation using appropriate boundary conditions to suppress Fourier components not belonging to the substrate lattice from the image [figure S1(b)]. Then the 2-dimensional Fourier transformation (2D-FFT) is calculated yielding clear substrate peaks with low background in the power spectrum as seen in the central part shown in figure S1(c). encircled in figure S1 (c). Now the atomic lattice is clearly visible and its position is determined in figure S1 (e). The TPT adsorption position and geometry is finally determined by overlaying the original image, the atomic substrate lattice, and the TPT molecule gas phase geometry scaled to the appropriate size in figure S1(f).
Multiple symmetric adsorption geometries presented in figure S2 as well as the experimentally derived (chiral) geometry have been studied by DFT. To keep the computational effort manageable, the stability of the different adsorption sites has been investigated with a slab containing a reduced number of layers, i.e. it consists of two Fe layers and only one W layer with the TPT adsorbed on top of the uppermost Fe layer, and only the atoms in the topmost Fe layer are relaxed in addition to the atoms of the TPT molecule. The structures were relaxed until the atomic forces were lower than 10 meV/Å. The experimentally derived position is found to be most stable, i.e. it exhibits the highest adsorption energy (see table S1), thus corroborating the experimentally deduced adsorption site. For this most stable geometry the relaxation was then continued after adding four more W layers to the slab and following the procedure described in the methods section of the main text. The final relaxed structure is presented in figures 1(b) and (c) in the main text.
Supplementary table S1. Calculated adsorption energies E ads for TPT on 2 ML Fe/W(110) for the different adsorption sites depicted in figures 1(b) and (c) of the main text and figure S2 . The adsorption energy is defined as E ads = −[E sys −(E surf +E mol )], where E sys is the total energy of the combined molecule-surface system, E surf stands for the total energy of the bare surface, and E mol represents the total energy of the isolated molecule. Supplementary note 2 -Formation of the chiral adsorption geometry Figure S3 shows STM height profiles across the peripheral phenyl rings of a TPT molecule on 2 ML Fe/W(110). The differences of the apparent heights above the phenyl rings [marked by (1) to (3)] of ∆z 1,2 = 8 pm, ∆z 1,3 = 13 pm, and ∆z 2,3 = 5 pm clearly exceed the noise level of the STM signal (±1 pm) and, thus, demonstrate the significance of the measured asymmetries. An interesting consequence of the asymmetric adsorption geometry is that the four mirror images constructed by mirroring with respect to the [001] and [110] mirror planes (M) are not all identical. As depicted in figure S4 by the colored frames all possible mirror images are seen in the STM measurements. Note that the four images in figure S4 (b) are sections of the larger image in figure S4 (a), which directly excludes image distortions due to the scan direction or due to microscopic changes of the tip configuration as origins of the observed differences in apparent height and shape of the phenyl-groups within a given TPT molecule. The red and green framed TPT images are identical as they can be transformed into each other by a 180°rotation (R), i.e. both exhibit the same clockwise (cw) sense of rotation as indicated by the corresponding symbol, where the sense of rotation is defined by the sequence of decreasing phenyl ring brightness. Similarly, the blue and magenta framed TPT images can be transformed into each other by rotation, but exhibit a counter-clockwise (ccw) sense of rotation and hence cannot be superimposed to the red and green framed TPT images. A structure, which is not identical to its mirror image, is chiral and the two non-identical mirror images are called enantiomers. In terms of symmetry, the present scenario can be analyzed as follows: The isolated TPT molecule has D 3h point group symmetry, the bare 2 ML Fe/W(110) surface belongs to the C 2v point group and when combining these two symmetric objects, the most stable adsorption geometry is asymmetric belonging to the C 1 point group. From the symmetry point of view the necessary and sufficient condition for chirality is that the object supposed to be chiral has no mirroring symmetry element, i.e. it has no mirror plane, inversion center, or inversion axis (S 2 -axis). Hence an object, which is completely asymmetric as the detected adsorption geometry of TPT on the 2 ML Fe/W(110) surface, fulfills those conditions and is therefore chiral. Conclusively, in the present case a chiral structure is formed out of two non-chiral components. However it should be noted that no significant enantioselectivity of the TPT adsorption on the magnetic surface was found, i.e. the two enantiomers could not be distinguished energetically. More precisely, no significant difference of their respective LDOS has been detected neither in the STM data nor in the simulations. In a calculation taking spinorbit coupling into account the energy difference between the enantiomers was found to be smaller than 1 meV. Adsorption-induced molecular chirality [1, 2] has previously been evidenced by STM observation [3, 4, 5, 6] .
Supplementary note 3 -Spin-resolved images of TPT and construction of spin polarization maps external magnetic field in our STM-setup the absolute magnetization direction can not be determined. However, it is possible to derive the relative alignment of the tip and sample magnetizations, i.e. parallel or antiparallel, as indicated by the pairs of white arrows. Figures S5(b) and (d) compare zoom images of single TPT molecules adsorbed on the two domains (parts i and ii) with DFT simulations (parts iii and iv) obtained at V Bias = 100 and −100 mV, respectively. The white arrows in the DFT images denote spin-up and spin-down DOS, respectively. The spin polarization maps in figure 3(b) of the main text were obtained by subtracting the spin-resolved images, i.e. "i-ii" and "iii-iv".
We ) of the main text, one has to be aware that the STM tip is an integral part of the quantummechanical system describing the tunneling junction of the STM experiment, which is not accounted for in the simulations. The geometrical shape, the electronic structure, and the magnetic configuration of the tip are convoluted with the corresponding sample properties giving rise to lateral averaging and tip-induced weighting of the measured charge and spin densities. These effects are strongest when the corrugation of the sample DOS is low.
The relation between spin-resolved topography data and the spin polarization has been discussed in [7] : The tunneling current at a given tip position above a magnetic surface can be written for parallel and antiparallel alignment of the tip and sample magnetizations as
where P t and P s are the spin polarizations of tip and sample, respectively, in the relevant energy interval. In topography images taken in the constant-current mode, the additional positive (negative) polarization-dependent contribution to the tunneling current is compensated by the feedback loop by increasing (decreasing) the spin-averaged tip-sample distance z 0 by ∆z 1 (∆z 2 ). Using the typical exponential dependence of the current on the tip-sample distance z
where φ is the work function and A ≈ 1 eV −1/2Å−1 a constant, one obtains
where ∆z = ∆z 1 + ∆z 2 is the difference in apparent height of spin-resolved constantcurrent topography images. For small ∆z and using a typical value for the work function φ ≈ 4 eV, we obtain
Therefore, the spin polarization maps in figure 3 (b) of the main text are obtained from the difference in apparent height of spin-resolved constant-current topography images in figures S5(b) and (d). In the case of the experimental maps the polarization magnitudes are attenuated by the non-perfect spin sensitivity of the STM tip (P exp t < 100%), whereas the theoretical maps are calculated from completely spin-resolved DOS data (P theo t
= 100%).
Magnetic subunits within a single molecule-surface hybrid -Supplementary data -S9
Supplementary note 4 -Intramolecular magnetic subunits and their exchange coupling constants
The distribution of the magnetic moments of the 13 modified Fe atoms is given in table S2 showing that these Fe moments are considerably reduced compared to the clean surface value of 2.9 µ B due to the strong molecule-surface hybridization. The magnetic moments of the other Fe atoms in the unit cell are equal to the clean surface moment. In addition, it can be remarked that in analogy to the results presented in [8] the moments of the Fe atoms directly below N are less reduced by about 0.1 µ B to 0.2 µ B compared to the Fe atoms below C.
For the case TPT on 2 ML Fe/W(110) there are couplings between the individual magnetic subunits, i.e. J 12 , J 13 , and J 14 , and each of these subunits is coupled to an unperturbed clean surface unit via J 1cs , J 2cs , J 3cs , and J 4cs [see figure S6(c)]. The clean surface unit to which the molecule-induced subunit 1 is coupled to (cs1) consists of 8 nearest-neighbor Fe atoms (3 in the first layer + 5 in the second layer). Equivalently, cs2 is made up of 10 (5 + 5), cs3 of 14 (7 + 7), and cs4 of 10 (5 + 5) nearest-neighbor Fe atoms. The seven coupling constants are calculated from the energy differences between the ferromagnetic state and states in which the moment of selected magnetic subunits are inverted. The coupling constants obtained using this procedure are listed in table S3. The values indicate that the coupling between the different subunits (J 12 , J 13 , and J 14 ) is significantly different. Subunits 1 and 4 are much more strongly magnetically coupled than subunits 1 and 2 or 1 and 3 as J 14 is more than a factor of two larger than J 12 and J 13 . Comparing figures S6(a) and (b) it can be seen that this can be assigned to the fact that the molecular rings above subunits 1 and 4 are most suitably positioned to mediate exchange coupling between these subunits in contrast to the other couplings between the subunits. In addition, the coupling between subunits 1 and 3 is just mediated by one nearest-neighbor (Fe-Fe) bond whereas subunits 1 and 2 as well as 1 and 4 are coupled by two nearest-neighbor bonds [see figure S6(b) ]. The exchange coupling values of the individual subunits to their respective clean surface units are much larger than the coupling between the subunits because the coupling is mediated by more nearestneighbor Fe-Fe bonds as described above. When comparing the different values of Supplementary table S2. Distribution of the magnetic moments of the 13 surface Fe atoms, which are directly bound to TPT on 2 ML Fe/W(110). The clean surface first and second layer Fe moments are 2.9 µ B and 2.3 µ B , respectively.
Moment range
Number of (µ B ) Fe atoms 2.4-2.5 2 2.5-2.6 6 2.6-2.7 4 2.7-2. 8 1
Supplementary figure S6 . The TPT on the 2 ML Fe/W(110) surface (a) modifies the magnetic moments of the 13 Fe atoms it is directly bound to (b). Magnetic subunits labeled as 1 to 4 are formed below the aromatic rings of the molecule. To obtain the magnetic exchange coupling constants for the different subunits, one needs to consider the couplings between these subunits and from each subunit to the clean surface as assigned in (c).
the exchange couplings to the clean surface it becomes immediately clear that all four subunits are different with respect to their coupling to the clean surface. The large value of the J 3cs is mainly due to the fact that subunit 3 consists of four surface Fe atoms in contrast to the other subunits, which are made up from three surface Fe atoms only. Furthermore, the coupling constants of each subunit to all other (molecule-induced and clean surface) nearest-neighbor units can be added up to yield a direct measure of the energy difference between the ferromagnetic state and the state with the moment of this subunit flipped. These values are presented and discussed in the table in figure 4(b) in the main text outlining that all four magnetic subunits are clearly different with respect to their exchange coupling behavior.
